Background--The American Heart Association defined target levels for 7 cardiovascular health (CVH) factors: smoking, body mass index, physical activity, diet, blood pressure, cholesterol, and glucose. We hypothesized that a greater number of American Heart Association ideal CVH metrics would be associated with less decline in cognitive performance in our multiethnic population.
T he 2020 Strategic Impact Goal introduced by the American Heart Association (AHA) in 2010 includes the improvement of the cardiovascular health (CVH) of all Americans by 20%. To measure progress, the AHA defined ideal CVH across 7 established modifiable risk factors for cardiovascular diseases and created targets by defining ideal levels for each risk factor. These 7 health factors, responsible for a substantial portion of cardiovascular disease morbidity and mortality, were smoking, body mass index (BMI), physical activity, diet, blood pressure, total cholesterol, and fasting glucose. By moving more Americans into ideal CVH categories for these 7 risk factors, the AHA hopes to achieve its goal of reducing deaths from cardiovascular disease and stroke by 20% by 2020. 1 Previous publications highlight the strong relationship between the number of ideal CVH factors and incidence of stroke, myocardial infarction, and vascular death. 2, 3 Moreover, advancing the ideal CVH of all Americans will likely have measurable health benefits beyond heart disease and stroke. In particular, these vascular risk factors may also alter cognitive aging, as vascular and metabolic mechanisms are believed to underlie the etiology of cognitive impairment and decline in a large percentage of those with neurocognitive disorders. Previous studies have shown associations of smoking, obesity, physical inactivity, poor diet, elevated blood pressure, lipid levels, and blood glucose, individually and in various combinations, with cognitive deficits, [4] [5] [6] [7] [8] [9] [10] [11] [12] but less is known about how these ideal CVH metrics, individually and measured together as a composite score, relate to the various domains of cognitive performance and decline. The Institute of Medicine recently published a report covering their assessment of the current literature on cognitive aging, in particular the epidemiological literature on preventive strategies. 13 The authors outlined steps for reducing the risk of cognitive decline, including engagement in physical activity and the management of cardiovascular disease risk factors (eg, hypertension, diabetes, and smoking). The report highlighted the need to better understand how to prevent cognitive impairment, and this need is heightened as our population ages and the US demographic profile shifts. Therefore, the current study examines the relationship between the number of ideal CVD health metrics, as defined by the AHA, and cognitive performance and decline in the domains of Semantic Memory, Episodic Memory, Executive Function, and Processing Speed, in the Northern Manhattan Study (NOMAS). An important strength of this study is the use of our complete battery of neuropsychological tests, which allows for a comprehensive assessment of cognitive capabilities necessary to elucidate the differential impact on cognitive processes of established vascular health metrics. The majority of participants in our study are of Caribbean Hispanic descent, which is a notable strength as well.
Hispanics represent a growing minority of the aging US population that has been underrepresented in studies of cognitive health, allowing us to provide novel data on a large sample of mostly Caribbean Hispanics. Detecting vascular risk factors for cognitive impairment before individuals become demented may provide an opportunity to intervene and prevent disability.
Methods

Study Population
NOMAS is a prospective population-based cohort study designed to determine risk factors for stroke and other outcomes among a race/ethnicity-diverse urban population. Northern Manhattan is a well-defined area of New York City made up of 63% Hispanic, 20% non-Hispanic black, and 15% non-Hispanic white residents. Study details were published previously. 14 Eligible participants (1) had never been diagnosed with a stroke; (2) were >40 years old; and (3) had resided in Northern Manhattan for ≥3 months, in a household with a telephone. Subjects were identified by random-digit dialing and recruited from the telephone sample to have an in-person baseline interview and assessment from 1993 to 2001. The enrollment response rate was 75% and the overall participation rate was 69%, with a final cohort of 3298 participants. A substudy of 1091 participants with neuropsychological assessments was composed of participants remaining clinically stroke free who were recruited during annual follow-up and were age >50 with no contraindications to brain magnetic resonance imaging (MRI). Participants who were of "other" race (ie, not classified as white, black, or Hispanic) were excluded from the current analysis, as well as those with missing baseline data for cardiovascular disease health metrics. The study was approved by the institutional review boards of Columbia University and the University of Miami, and all subjects provided written informed consent.
Baseline Data Collection
Data were collected through interviews with trained bilingual research assistants in English or Spanish. Physical and neurological examinations were conducted by study physicians. Race/ethnicity was based on self-identification through a series of questions modeled after the US Census and conforming to standard definitions outlined by Directive 15.
15
Standardized questions were adapted from the Behavioral Risk Factor Surveillance System by the Centers for Disease Control and Prevention regarding smoking and other cardiovascular risk factors. 16, 17 Smoking was based on self-reported age of starting smoking and age of quitting smoking. Leisuretime physical activity was measured with a questionnaire based on the National Health Interview Survey regarding participation in ≥1 selected rigorous physical activity in a typical 14-day period. 18 Blood pressure was obtained from the right brachial artery after a 10-minute rest in a seated position (Dinamap Pro100; Critikon Inc). Blood pressure was measured twice, before and after the physical examination, and averaged for this analysis. Fasting blood specimens were analyzed to determine glucose and lipid profiles, as described previously. 19 Plasma levels of total cholesterol after fasting were measured by using standardized enzymatic procedures with a Hitachi 705 automated spectrophotometer (Boehringer Mannheim). Dietary behavior was measured with a comprehensive in-person assessment by using a modified Block National Cancer Institute food frequency questionnaire. In addition, a Mini-Mental State Examination (MMSE) was performed at study baseline. 20 As previously defined by the AHA, the 7 CVH factors were classified into ideal, versus not ideal: (1) smoking ideal: never or quit >1 year; (2) BMI ideal: <25 kg/m 2 ; (3) physical activity ideal: ≥150 min/wk moderate intensity, ≥75 min/wk vigorous intensity, or equivalent combination; (4) diet ideal: 4 or 5 healthy components based on 5 health dietary metrics (≥4.5 cups of fruits and vegetables/d, 2 or more 3.5-oz servings of fish/wk, 3 or more 1-oz equivalent servings fiber-rich whole grains/d, <1500 mg sodium/d, and ≤450 kcal sugar-sweetened beverages/wk); (5) total cholesterol ideal: untreated and <200 mg/dL; (6) blood pressure ideal: untreated and <120/<80 mm Hg; and (7) fasting plasma glucose ideal: untreated and <100 mg/dL. 1 These variables were all based on assessments done at baseline enrollment into the study. DNA samples were extracted from peripheral blood white cells using HhaI digestion and amplified by polymerase chain reaction. Apolipoprotein e4 (ApoE4) carriers were identified as individuals with a genotype of ApoE4/2, ApoE4/4, and ApoE4/3.
Neuropsychological Testing
The neuropsychological battery was administered in English or Spanish by trained research assistants in a quiet room. The mean time from baseline enrollment to the first neuropsychological assessment was 7.2AE2.4 years. Domain-specific Z scores were calculated for the cognitive domains: Episodic Memory, Processing Speed, Semantic Memory, and Executive Function. The domain scores were calculated by averaging construct-relevant Z-transformed neuropsychological test scores. The tests included in each domain were determined based on the relationships among the tests in an exploratory factor analysis and the results of previous studies. 21, 22 Episodic memory was assessed with 3 subscores on a 12-word 5 trial list-learning task: list learning total score, delayed recall score, and delayed recognition score. Executive function was assessed with 2 subscores: the difference in time to complete the Color Trails test Form 1 and Form 2 and the sum of the Odd-Man-Out subtests 2 and 4. Processing speed was assessed with the Grooved Pegboard task in the nondominant hand, the Color Trails test Form 1, and the Visual-Motor Integration test. 23 Semantic memory was defined by 3 tests:
picture naming (modified Boston Naming) test, category fluency (Animal Naming) test, and phonemic fluency (C, F, and L in English speakers and P, S, and V in Spanish speakers). Consistent with previous NOMAS analyses, the domain Z scores for the initial neuropsychological tests were unadjusted. Participants were invited to return for a second neuropsychological assessment, with a mean time between the first and second neuropsychological assessments of 6AE2 years. For the changes in scores over time, composite scores for the changes in 4 domains were calculated by using regressionbased reliable change indices of the corresponding individual test, adjusting for age, education years, and the time interval between the 2 tests. 24 At the time of the first neuropsychological testing, a Center for Epidemiologic Studies-Depression Scale was administered, and a score of ≥16 was considered positive for depressive symptoms. In addition, imaging was performed on a 1.5-T MRI system (Philips Medical Systems) at the Hatch Research Center at the time of initial neuropsychological evaluation. Processing of magnetic resonance images to calculate white matter hyperintensity volumes and cerebral, lateral ventricular, and intracranial volumes and to identify MRI-defined infarcts has been described previously. 25 Silent brain infarcts were rated as (1) cavitations of ≥3 mm in size on the fluid-attenuated inversion recovery sequence (or similar characteristics on proton density and T2-and T1-weighted sequences), distinct from a vessel (because of the lack of signal void on T2 sequence), and of equal intensity to cerebrospinal fluid in the case of lacunar infarction or (2) as superficial encephalomalacia affecting the cerebral cortex or cerebellum suggestive of thromboembolism.
Statistical Analysis
The primary independent variable of interest was the number of ideal CVH factors for each individual, represented as the ideal CVH score, with a range of 0 to 7. This score was examined continuously and divided into 4 categories: 0 to 1 (reference), 2, 3, and 4 to 7. As secondary exploratory analyses, we also examined each of the 7 ideal CVH components individually, categorized as ideal versus not ideal. First, we examined the distribution of the covariates of interest by category of the ideal CVH score in the study population. Next, multivariable-adjusted linear regression models were constructed to examine associations between ideal CVH scores and Z scores for the 4 cognitive domains (Executive Function, Episodic Memory, Semantic Memory, and Processing Speed) at the first neuropsychological assessment and then with the change in Z scores for the domains from the first to follow-up assessments. Because domain Z scores were not strongly correlated, we examined each domain as a separate outcome. Model 1 included age at neuropsychological testing, sex, race/ethnicity, years of education, medical insurance status (Medicaid or no insurance versus Medicare without Medicaid or private insurance), and the time span from baseline data collection to the time of neuropsychological assessment. Model 2 added MRI variables that are predictors of cognitive impairment, including white matter hyperintensity volumes, brain atrophy (total cerebral volume/total intracranial volume), and MRI-defined infarction. For the analyses of the Z scores representing the change in performance in each cognitive domain from first assessment to follow-up, we ran both models again, but age and education were not added because they were included in the regression analyses used to create the Z scores. A sensitivity analysis was conducted including depression as a covariate in model 1. Effect modification by ApoE4 carrier status and race/ethnicity was explored by including interaction terms for the ideal CVH score with ApoE4 carrier status and race/ethnicity separately, adjusting for the variables included in model 1. The primary analyses (ideal CVH score examined in model 1) were examined in sensitivity analyses restricted to Hispanic participants, as they represented the largest ethnic subgroup in the study population. Last, a sensitivity analysis was conducted restricted to those without cognitive impairment at baseline enrollment, which was defined as an MMSE score of ≥17 for those with <8 years of education and an MMSE score of ≥24 among those with ≥8 years of education (n=84 excluded). 26 
Results
In total, 1033 participants had data on the ideal CVH factors and neuropsychological testing, of whom 722 had repeated testing at follow-up. Ideal CVH score was not predictive of whether participants had follow-up neuropsychological assessments. Table 1 shows the characteristics of the study population. Table 2 shows the breakdown of the study population in relation to demographics and MRI variables by categories of the ideal CVH score.
An increasing number of ideal CVH factors was positively associated with processing speed at initial assessment, as shown in Table 3 . This association persisted after controlling for MRI markers of subclinical vascular damage. The association was strongest for 3 of the CVH factors in particular-ideal BMI, lack of smoking, and ideal fasting glucose, which were all associated with greater processing speed performance at the initial assessment compared with those with less-than-ideal health for these factors after mutual adjustment ( Table 3) . The results remained unchanged in sensitivity analyses controlling for depression (not shown).
Figure shows the mean Z scores for the change in each cognitive domain from initial assessment to follow-up, by category of ideal CVH score, in the full study population, as well as among those without cognitive impairment at baseline enrollment. Having an increasing number of ideal CVH factors was associated with less decline over time in processing speed (Table 4) . This association persisted after controlling for MRI markers of subclinical vascular damage. The association was driven by the ideal factors of not smoking and fasting glucose, as they were associated with less decline in processing speed, mutually adjusting for the other CVH factors.
An association between ideal CVH and episodic memory performance over time was also suggested (Table 4) , and this association was statistically significant among those without cognitive impairment at baseline enrollment (Table 5) . A categorical examination of the number of ideal CVH factors in relation to change in episodic memory performance over time suggested that those with 2 to 7 ideal CVH factors had less decline in episodic memory over time compared with those with 0 or 1 ideal CVH factors (Tables 4 and 5 ). The latter association also persisted after adjusting for MRI variables and appeared to be driven by positive effects of ideal fasting glucose, as this factor was significantly associated after adjusting for the other CVH factors. A positive association between number of ideal CVH factors and change in executive function over time also reached statistical significance among those not impaired at baseline enrollment (Table 5) . Change in semantic memory performance was not significantly associated with ideal CVH factors. The results remained unchanged in sensitivity analyses controlling for depression.
Because of the small proportion of participants who met the criteria for ideal blood pressure, we decided to run sensitivity analyses examining systolic and diastolic blood pressures as continuous measurements from baseline enrollment in relation to the cognitive domains, adjusting for the demographic variables in model 1. In these models, no significant associations were observed for diastolic blood pressure with the cognitive domain variables (data not shown). In relation to initial cognitive performance, systolic blood pressure was inversely associated with Z scores for the domains of Processing Speed (b=À0.003, P=0.03) and Executive Function (b=À0.003, P=0.04). In relation to Z scores for change in cognitive performance, systolic blood pressure was inversely associated with processing speed only (full study population: b=À0.005, P=0.03, among those without cognitive impairment at baseline enrollment: b=À0.005, P=0.05). There were no significant interactions between the number of ideal CVH factors with ApoE4 carrier status in relation to cognitive performance and decline (data not shown). Similarly, effect modification by race/ethnicity was not suggested for the associations between the number of ideal CVH factors and performance on the cognitive domains at the initial assessment and change in performance over time (data not shown). However, analyses restricted to Hispanics were conducted. Overall, conclusions regarding the relationship between number of ideal CVH factors and initial performance on cognitive domains and change over time remained consistent in the data set restricted to Hispanics, and the associations with processing speed persisted (Tables 3 and  4) . When the data set was restricted to Hispanics without cognitive impairment at baseline enrollment (Table 5) , the number of ideal CVH factors was significantly associated only with change in processing speed over time.
Discussion
In this prospective multiethnic population-based study, we found a positive association between the number of AHAdefined ideal CVH factors at baseline enrollment and processing speed performance years later at initial neuropsychological assessment as well as less decline in performance over time. These relationships with the domain of Processing Speed remained when the analysis was restricted to Hispanics and appeared to be driven in particular by a lack of smoking and ideal fasting glucose levels, as these variables were significantly associated after mutual adjustment for the other ideal CVH factors. Most important, we found that participants who were not impaired at baseline enrollment based on the MMSE and possessed a greater number of ideal CVH factors had less decline in performance over time in several domains, suggesting that such decline may be preventable with ideal CVH. Our data suggest that promoting ideal CVH on even a few of these factors may be required to see cognitive health benefits, as participants with only 2 or 3 ideal CVH factors had less decline over time across multiple domains, particularly Processing Speed and Episodic Memory.
We have previously shown a strong graded relationship between the number of ideal CVH metrics and cardiovascular risk overall and for stroke and myocardial infarction separately in the NOMAS cohort, and this association was similar for whites, blacks, and Hispanics. 3 Although there is now evidence supporting the importance of these CVH metrics identified by the AHA for the promotion and assessment of cardiovascular health, data elucidating the relationship with cognitive aging are limited. However, a few This cohort is substantially younger than ours (age 18-30 at baseline). In CARDIA, the number of ideal CVH factors in young adulthood and middle age was associated with better psychomotor speed, executive function, and verbal memory in midlife. Blood pressure and smoking were individually associated with all 3 domains, and BMI, glucose, and physical activity were predictive of both tests of executive function and psychomotor speed. Another cross-sectional study examined the number of ideal CVH metrics in relation to cognition in the smaller (N=972) Maine-Syracuse Longitudinal Study. 28 Similar to our study, these investigators used an extensive neuropsychological test battery that included 20 individual tests, grouped into 5 domains, and a global score, and they also found the number of ideal CVH factors associated with better performance across several domains. In the latter study, similar to ours, less than 1% achieved ideal status on all health metrics. They also examined the individual CVH metrics in relation to global cognitive performance and noted significant positive associations for ideal status in smoking, physical activity, BMI, blood glucose, and blood pressure. A recent analysis from the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study examined adherence to the 7 AHA-defined CVH metrics (Life's Simple 7 score) in relation to incident cognitive impairment as measured using 3 tests of verbal learning, memory, and fluency. 29 Among 17 761 REGARDS participants without stroke or global cognitive impairment at baseline, both intermediate and high CVH scores were associated with reduced incidence of cognitive impairment among both black and white participants, and a dose-response relationship was not observed. Similar to our study, REGARDS investigators concluded that even moderate adherence to the AHA's CVH guidelines may be associated with cognitive benefits. The vast majority of participants in the Maine-Syracuse Longitudinal Study were white, while the CARDIA study and the REGARDS study included a large number of both white and black participants. Unlike these studies, the NOMAS population is largely Hispanic. Our study extends their findings with prospective data and by showing that ideal CVH metrics relate to change in cognitive performance on specific domains over about half a decade, in a large racially/ ethnically diverse sample with a large proportion of minorities, particularly Caribbean Hispanics.
Supporting evidence also exists for the relationship between the individual ideal CVH components and cognition. Elevated blood pressure, glucose, cholesterol, BMI, poor diet, physical inactivity, and smoking during adulthood have all been associated with impaired performance on neurocognitive assessments, as well as with decline in performance over time, in previous studies. [4] [5] [6] [7] [8] [9] [10] [11] [12] The results of our study add to a growing body of literature suggesting the effects of smoking and blood glucose levels on cognitive health in particular. Although we did not observe significant associations for physical activity and diet in relation to cognitive domains in this study, these negative results should be interpreted with caution as the scope of the current study prevented a thorough investigation of each of these individual factors, and they have been previously shown to relate to cognitive health in other studies. Previous studies have also examined the burden of CVH factors in relation to cognitive impairment and decline using other metrics to quantify vascular disease risk factor burden. For example, the Framingham Risk Score, a well-established CVD risk assessment tool that is widely used in clinical practice, was associated with the domain of Executive Function in 1755 Framingham Offspring participants, and in that study, similar to ours, diabetes mellitus was a driving factor. 30 The Framingham Risk Score Profile was also associated with incident cognitive impairment defined using longitudinal performance on a 6-item screener in REGARDS study. 31 Worse cardiovascular risk profile using the Framingham Risk Score has been cross-sectionally associated with poorer cognitive function in both older and younger (age 35-44) adults. 32 In the latter study, age, diabetes mellitus, and smoking were the most influential components, again consistent with the results of our study. Last, in an analysis in the British Whitehall II Cohort study (mean age 56 at baseline), both the Framingham General Cardiovascular Disease Risk Score and the Framingham Stroke Risk Score predicted decline in the cognitive domains of Reasoning, Verbal Fluency, Vocabulary, and Global Cognition, though not in Memory, and were more strongly associated with 10-year cognitive decline than a dementia risk score. 33 The relationship between ideal CVH factors and cognitive domains in our study, as well as in others, supports the role of vascular damage and metabolic processes in the etiology of cognitive aging and dementia. In our study, ideal CVH was most strongly associated with the Processing Speed domain. This finding suggests the possibility of mediation, at least in part, by subclinical cerebrovascular disease processes involving intrahemispheric and interhemispheric connections. Although the associations observed in our study remained consistent in models adjusting for subclinical markers of cerebrovascular damage including white matter volume, brain atrophy, and MRI-defined infarcts, this does not negate the possibility of partial mediation by these important risk factors for cognitive impairment. 34, 35 Strengths of this study include the multiethnic, populationbased cohort with a large percentage of Caribbean Hispanics, the prospective design, and the comprehensive neuropsychological test battery with 2 cognitive assessments, allowing for an analysis of cognitive change. In addition, we were able to control for MRI measures of subclinical vascular damage including white matter lesion load and MRI-defined infarcts. One limitation is the fact that this study was conducted within a subcohort of the overall NOMAS study population. As expected, NOMAS participants who were included in the MRI subcohort were slightly healthier than those who were not. Specifically, they were younger at baseline and more likely to be Hispanic, to be insured, to have hypercholesterolemia, and to have completed high school and were less likely to be obese, smoke, and have diabetes. Therefore, our findings may not be generalizable to the full study population. A related limitation is the lack of follow-up cognitive assessment for a portion of the cohort. Among those with initial neuropsychological assessment, participants with a follow-up assessment were slightly younger, but the other demographic variables were not related, and most notably, there was no difference in the ideal CVH score. We evaluated the hypothesis that those participants with follow-up neuropsychological assessment were more cognitively healthy than those who did not return. At the second neuropsychological assessment, the Informant Questionnaire for Cognitive Decline in the Elderly (IQCODE) 36 was completed with both informants for participants who had follow-up neuropsychological assessment and informants for participants without follow-up assessments. As expected, the participants without a follow-up neuropsychological assessment were rated more poorly on the IQCODE (not shown). However, selection bias is unlikely as availability of follow-up neuropsychological data was unrelated to ideal CVH score. As in any observational epidemiologic study, residual confounding by unmeasured risk factors for cognitive impairment is a potential source of bias. Similar studies in race/ ethnically diverse populations with different profiles of educational attainment, literacy, and employment status are needed. In addition, further study is needed to elucidate the sensitivity periods over the lifecourse during which CVH metrics may be most influential in determining late-life cognitive impairment across the range of domains and how behavioral and health modifications that target these CVH metrics may influence cognitive performance and mitigate decline over time. Because diet was only assessed at study baseline, that was the only time point available at which to calculate the complete ideal CVH score. Positive results should be interpreted with caution as a result of the large number of analyses conducted because, as always, associations observed may be the result of chance. Last, use of the MMSE cutpoint scores is not an ideal metric to identify individuals with cognitive impairment at baseline in the absence of dementia diagnosis.
In conclusion, the findings of our multiethnic study of whites, blacks, and Hispanics suggest that the number of ideal CVH metrics is associated with less decline in performance in the domain of Processing Speed and, to a lesser extent, the domains of Executive Function and Episodic Memory. Longitudinal effects of the ideal CVH metrics on cognitive aging were stronger than the cross-sectional ones on cognitive performance at initial assessment, particularly among those who were cognitively healthy at baseline. Therefore, the results of this study suggest that achievement of the AHA's ideal CVH metrics may have benefits for brain health in addition to preventing strokes and myocardial infarctions, even among elderly individuals, underscoring the importance of public health initiatives aimed to better control these 7 factors. The current study provides support for future studies assessing the value of routine assessment and treatment of these health factors by clinicians with the goal of reducing vascular cognitive impairment. As the US population ages and the number of people at risk for cognitive impairment grows, the public health implications of targeting these modifiable risk factors will be substantial.
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